Forty-six patients presenting with chronic orofacial muscle pain and eight age-and sexmatched control subjects were investigated for the carriage prevalence of, and exotoxin production by, coagulase-negative staphylococci (CNS). The eight control subjects were selected from an initial group of 41 subjects on the basis of the absence of musculoskeletal symptoms. There was a significantly higher prevalence and multiple carriage of four or more strains of CNS in patients with chronic muscle pain than in control subjects (23 versus 9 isolates/lO subjects). Two of the 103 CNS isolates from patients with muscle pain and none from the control subjects produced toxic shock syndrome toxin 1 (TSST-l), suggesting that pyrogenic toxins do not significantly contribute to the aetiology of chronic muscle pain. There was a significantly higher prevalence of 6-haemolysin (41 of 114) and 'horse'-haemolysin (56 of 114) production by CNS isolates from patients with chronic muscle pain compared with those from control subjects. None of the control subjects was colonised with CNS that produced significant amount of either 6-or 'horse'-haemolysin, whereas 35 of 44 patients with chronic orofacial muscle pain were colonised with CNS that produced significant amounts of 'horse'-haemolysin, 37 that produced 6-haemolysin and 33 that produced both 6-and horse-haemolysin. This study suggests that membrane-damaging toxins, like 6-and 'horse'-haemolysin, may play a role in the aetiology of chronic orofacial muscle pain.
Introduction
Chronic orofacial muscle pain (craniomandibular) disorders form part of the group of chronic musculoskeletal pain conditions, symptoms of which can be detected in up to 75% of the population, with severe forms occurring in 5-10% of subjects [1, 21. The aetiology of these conditions is unknown, but hypotheses include both physical and psychological aetiologies [ l , 21 . Patients with chronic muscle pain report symptoms predominantly in an axial skeletal distribution with increased sternal and limb pain in more severe forms [3] . These clinical signs and symptoms have been strongly associated with recurrent infective disease processes in a previous study [4] . These patients reported an increased prevalence of recurrent upper respiratory and genitourinary infective events at ~~ Received 1 April 1997; revised version accepted 6 Nov. 1997. Corresponding author: Dr R. H. Dunstan. or preceding onset, but with no reported evidence for increased prevalence of viral infections such as measles, mumps and glandular fever [ 51. Examination of genitourinary microbial flora revealed a higher carriage rate of coagulase-negative staphylococci (CNS) in patients with chronic muscle pain than in sex-matched controls, suggesting an association between CNS carriage and chronic muscle pain [6] .
The role of CNS in disease processes has not been well defined. Gemmell and Schumacher-Perdreau [7] demonstrated that CNS can produce as many as eight exotoxins that could contribute to virulence. Of these exotoxins, a membrane-damaging toxin resembling Staphylococcus aureus d-toxin showed the greatest biological activity. Cytotoxicity studies with human embryonic lung fibroblasts demonstrated that this CNS membrane-damaging toxin caused preferential release of cell constituents and cellular swelling [ 81. Another membrane-damaging exotoxin, a-toxin, had been shown to permeabilise smooth muscle cells [9, 101, suggesting that staphylococcal membrane-damaging exotoxins may interfere with the excitation-coupling mechanisms of smooth muscle.
The purpose of this study was to investigate the carriage prevalence of staphylococci in patients with chronic orofacial muscle pain and a group of symptom-free control subjects and to assess the ability of these organisms to produce membrane-damaging and other exotoxins.
Materials and methods

Patient and control subject selection
Forty-six patients presenting for management of chronic orofacial muscle pain were recruited; however, two patients were excluded because of laboratory sample errors. Patients were selected to comply with the group 1 (muscle disorders), category la (myofascial pain) of the orofacial research diagnostic criteria [2] . Inclusion criteria were as follows: (1) symptoms of orofacial muscle pain; (2) a positive response to a visual analogue pain scale (VAS) of average pain intensity in the 2 weeks before consultation; (3) the presence of palpable muscle pain in the reported pain areas; (4) that the pain was present on >50% of days during the 3 months immediately preceding consultation; and ( 5 ) palpation of head, neck and shoulder muscles [ 1 1, 121 in the sites reported to be painful was positive. Exclusion criteria were as follows: (1) pain associated with the teeth, temporomandibular joint (TMJ) clicking or arthritis and crepitation, sinusitis, salivary glands, nerve or vessel pathology; (2) reporting of pain without associated palpable muscle tenderness.
To select a control group without any musculoskeletal symptoms, the initial 41 control subjects were further screened on the basis of (1) a nil response to questions from the Hopkins Symptom Check List-90-Revised (SCL-90-R) questions 412 -chest pain, Q27 -low back pain, 442 -muscle soreness, 456 -body weakness and Q58 -heavy feelings in limbs [13] ; (2) no evidence of palpable muscle pain; (3) no response to the VAS of average pain intensity in the previous 12 weeks: and (4) had not sought professional advice or treatment for chronic muscle pain in the previous 12 months. Acute pain associated with trauma during the preceding 12 months was not a criterion for exclusion. From an initial group of 41 control subjects, eight age-and sex-matched subjects who complied with the highly restrictive symptom definition were recruited. Each patient and control subject provided informed consent and was interviewed and assessed by one clinician (N.R.M.).
Specimen collection and processing
Nose swabs, and vaginal swabs from female participants, were collected and transported in Stuart's medium (Transystem, Interpath Services P/L), and cultured on Columbia horse blood agar (Oxoid). The presence of occlusal splint was not considered an important factor in determining the changes in microbial flora in sampling sites, as only four patients with pain were wearing the splints at the time of sampling. After incubation for 24 h at 35"C, all cultures were examined with a stereomicroscope (Zeiss, Germany) for different morphological types of staphylococcal isolates. A single colony representing a morphological type was streaked on to horse blood agar and incubated at 35°C for a further 24 h. Experience from a previous study [5] 
Staphylococcal supernate
Staphylococcal strains were cultured in 5 ml of Brain Heart Infusion Broth (Oxoid) at 35°C for a minimum of 18 h. Cultures were centrifuged at 25 000 g at 4°C for 20 min and each supemate was filtered through a 0.22-pm membrane filter (Millipore, Bedford, USA). Each strain was tested for toxic shock syndrome toxin-1 (TSST-l), enterotoxins A-D (SEA-SED) and haemolysin production.
Detection of TSST-1 and SEA-SED
Staphylococcal TSST-1 and enterotoxin types A, B, C and D were detected by the reverse passive latex agglutination kits (SET, and TSST-RPLA, Oxoid), used as microslide agglutination tests as described by Murrell et al. [18] . Positive and negative known controls accompanied each test sample. Agglutination was observed with phase contrast microscopy. The 'heat stable' effect of 'horse'-haemolysin was also investigated. After incubation, all suspensions were centrifuged for 5min and the absorbence of each supernate was determined at 541 nm. A sample substituting de-ionised water for MgPBS with each of the four red cell types was measured at neat to represent 100% haemolysis and at 1 in 2 and 1 in 4 dilutions. Haemolytic activities of samples were calculated from a standard curve.
Assay for haemolytic activity
Definition of positive (signiJicant) haemolysis
Positive haemolysis for each of the four haemolysins was defined as a value 3 2 SD above the mean haemolysis produced by staphylococcal strains from control subjects, thus representing a high value seen in only 2.5% of a normally distributed population. The mean haemolysis percentage and SD for the four haemolysins produced by staphylococcal isolates from control subjects were: for a-haemolysin, 2.6% and 7.8% respectively; p-haemolysin, 10.1 % and 19.7%; dhaemolysin, 0.7% and 1.2%; and 'horse'-haemolysin, 2.5% and 2.2%. Positive (significant) haemolysis for each of the four haemolysins was therefore defined as:
> 18.1 % for a-haemolysin; > 49.5% for P-haemolysin; > 3.1% for 8-haemolysin and > 6.9% for 'horse'-haemolysin. Negative haemolysis for each of the four haemolysins included all values that were less than two SD above the mean haemolysis of control staphylococcal strains.
Statistical analysis
Prevalence differences between the two clinical groups were compared by the x2 test with Yates' correction when appropriate. Fisher's exact probability test was used when detection frequency was less than one. Staphylococcal isolates with similar biochemical characteristics isolated from different sites in the same individual were counted as one organism type. Isolates with similar biochemical characteristics from the same individual but producing different membrane-damaging or pyrogenic toxins were defined as different organisms.
Results
Patient and control subjects characteristics
The mean age of the 44 patients with muscle pain and the eight control subjects was similar with 37.6 SD 16.5 years (range 16-57 years) for the control subjects and 38.3 SD 10.5 years (range 20-56 years) for the muscle pain patients. The sex ratio (ma1e:female) for the muscle pain group was 1:3, compared with 1:2.7 for the control subjects.
Relationship between coagulase-positive and -negative staphylococci
A total of 125 staphylococcal isolates was obtained from the study; 11 isolates were fkom control subjects and 114 from patients with chronic muscle pain ( Table  1) . Fifteen of 125 isolates were S. aureus and 110 were CNS. Of the 15 S. aureus isolates, four were from control subjects and 11 from patients with chronic muscle pain. This prevalence of S. aureus per 10 subjects was higher in controls than in patients with chronic muscle pain (five versus three isolates, respectively). By contrast there was a higher prevalence of CNS in patients with chronic muscle pain (23 isolates/ 10 patients) than in control subjects (9 isolates/ 10 subjects, p < O.Ol), suggesting that patients with chronic orofacial muscle pain were predisposed to multiple colonisation with CNS. The distribution of staphylococcal isolates at the two anatomical sites (nose and genital tract) between chronic muscle pain patients and control subjects was not significantly different. The 110 CNS strains were further examined according to their biochemical characteristics (Table 1) . Six CNS species were identified in the study; S. epidermidis, S. haemolyticus and S. xylosis were represented in each of the two clinical groups whereas S. warneri, S. hominis and S. lugdunensis were isolated only from the patients with muscle pain. This difference in species distribution was not significant, suggesting that there was no dominance of any particular staphylococcal species.
Multiple staphylococcal carriage
Control subjects and patients with muscle pain were screened for the incidence of multiple staphylococcal Table 2 ). Twelve of these 23 patients with muscle pain with multiple carriage were also found to be colonised with four or more different strains of CNS. By comparison three (37.5%) control subjects were colonised by two CNS strains and the remaining five (62.5%) subjects by one or no strains.
Staphylococcal pyrogenic toxins
The possibility that staphylococcal isolates from patients with chronic muscle pain may produce pyrogenic toxins was investigated. All staphylococcal isolates from the two clinical groups were screened for the production of enterotoxins A, B, C and D and TSST-1. The four S. aureus isolates from control subjects produced five pyrogenic toxins (Table 3) . Conversely, only four of the 11 S. aureus isolates from patients with muscle pain produced pyrogenic toxins. Five of the 103 CNS isolates from patients with muscle pain and none from the seven control CNS strains produced pyrogenic toxins. From these data no significant association was found between the production of TSST-1 and enterotoxins amongst the muscle pain and control isolates, suggesting that pyrogenic toxins do not significantly contribute to the aetiology of chronic muscle pain.
Staphylococcal membrane-damaging toxins
All staphylococcal isolates from the study were examined for haemolysin activity as defined in Materials and methods (Table 4 ). There was a significantly higher prevalence of haemolysis of red cells by isolates from patients with chronic muscle pain (60 of 114, 53%) compared with those from the control subjects (2 of 11, 18%) (p < 0.03). The incidence of S. aureus isolates from patients with chronic muscle pain that produced haemolysin (5 of 11, 46%) was higher than, but not significantly different to, that from control subjects (1 of 4, 25%) . By contrast, 64 (62%) of the 114 CNS strains from patients with chronic muscle pain but only one of seven (14%) CNS strains from control subjects were haemolysin positive (p < 0.04),
suggesting that CNS from patients with chronic muscle pain were associated with increased production of membrane-damaging toxins.
Staphylococcal a, / 3, 6 and 'horse '-haemolysins In this study, four staphylococcal membrane-damaging toxins (a, P, 6 and 'horse'-haemolysins) were examined to determine if they were responsible for the observed increased prevalence of haemolysin production among staphylococcal isolates from the muscle pain group. One of the 11 control isolates and 10 (8.7%) of 1 14 muscle pain-associated isolates produced a-haemolysins causing significant haemolysis to rabbit red cells (Table 5) . Similarly, only one of 11 control isolates and one (< 1 %) of 1 14 muscle pain-associated isolates produced P-haemolysins resulting in significant haemolysis to sheep red cells. These data indicate that a-and P-haemolysins were not associated with the observed increased prevalence of haemolysin production among staphylococcal isolates. When strains were examined for 6-haemolysins, 41 (36%) of the muscle pain-associated isolates produced significant haemolysis of human red cells compared with none of the control isolates (p < 0.04). There was also a highly significant difference in the haemolytic activity with horse red cells between the two clinical groups; 56 (49.1%) of 1 14 muscle pain-associated CNS isolates produced significant haemolysis of horse red cells compared with none of the control strains (p < 0.005).
Of the 114 muscle pain-associated strains examined, the incidence of positive 6-haemolysis was found to be similar in strains of S. warneri (66.7%), S. haemolyticus (54.5%), S. lugdunensis (50.0%) and S. hominis (43 A%), which was significantly higher than those observed in S. aureus (18.2%, p < 0.05) and S. epidermidis (1 5.6%, p < 0.05) (Table 6 ). Similarly, the incidence of positive 'horse'-haemolysis was similar with all the CNS, but lower with S. aureus. None of the eight control subjects was colonised with staphylococci that produced positive 6 or 'horse'-haemolysins, or both. By contrast, 39 (88.6%) of the 44 chronic orofacial muscle pain patients were colonised with at least one CNS producing either positive 6-or Positive haemolysis was defined as the percentage haemolysis 2 18.1% for a-haemolysis, 49.5% for P-haemolysis, 3.1 % for 8-haemolysis and 6.9% for 'horse'-haemolysin.
*Not significant, x2 test with Yates' correction.
tp < 0.04, Fisher's exact probability test. 'p < 0.05, Fisher's exact probability test. 'horse'-haemolysis: 35 (79.5%) were colonised with CNS strains producing positive 'horse'-haemolysin (p < 0.00001), 37 (84.1%) with positive 8-haemolysis (p < 0.00001), and 33 (75%) with both 8-and 'horse'-haemolysis (p < 0.0001).
Discussion
Comparison of patients with chronic orofacial muscle pain and symptom-free control subjects showed marked differences in the carriage of CNS and their production of membrane-damaging toxins. The high prevalence of multiple carriage of CNS species seen in this study in patients with chronic orofacial muscle pain was consistent with previous observations [6] . In an investigation of staphylococcal nasal carriage in medical students, Kingdom et al. [20] obtained 291 CNS isolates from 197 students, yielding a ratio of 12.7 strains for every 10 students studied. This colonisation prevalence of CNS was similar to the isolation frequency of nine strains per 10 control subjects seen in the present study. In a separate study [21] , an attempt was made to determine the carriage of antibiotic-resistant CNS in patients with acne vulgaris. A total of 97 strains of CNS was isolated from the skin of 64 patients, giving a ratio of 15 strains for every 10 patients. In the present study, where strict criteria were applied to incidence occurrence, 23 strains of CNS were isolated from every 10 patients with chronic orofacial muscle pain, a colonisation prevalence nearly two-fold higher than observed in the medical student study [20] and 1.6-fold higher than observed in the acne vulgaris study [21] . The wearing of occlusal splints, which is a common treatment modality in orofacial pain patients [l, 21 was unlikely to be an important factor in alteration of the microbial flora as only four (9.1%) of the 44 were wearing such devices at the time of sampling. These data suggest that multiple carriage of CNS strains may be a significant and characteristic feature in patients with chronic orofacial muscle pain.
This study has shown that CNS are capable of producing TSST-1 or enterotoxins, or both. The incidence of CNS from healthy individuals producing TSST-1 has previously been reported to be between 0.6% and 1.7% (22) . The data from the present study showing that 1.9% of CNS produced TSST-1 was in agreement with this finding. Despite the finding that CNS from patients with chronic orofacial muscle pain can produce TSST-1, the low prevalence of these pyrogenic organisms is unlikely to cause significant pathology in this syndrome.
The ability of CNS to cause disease is now well accepted. CNS were the most frequent organisms isolated from neonates with necrotising enterocolitis (NEC) and was associated with both morbidity and mortality [23] . The morbidity of NEC was shown to be significantly associated with patients colonised with CNS capable of producing cytotoxic amounts of dhaemolysin [24, 251. Gemmell [8] monitored the toxigenic ability of commensal CNS from healthy individuals and found that 13% of the strains produced 8-haemolysin. In the present, 51.8% of CNS from patients with chronic orofacial muscle pain produced d-haemolysin, a prevalence similar to the finding of Gemmell and Roberts [26] , where 65% of CNS from patients with urinary tract infections and 50% of CNS isolated from blood, abscess and wound infections produced 8-haemolysin. Interestingly, the increased prevalence of staphylococcal urinary tract infections in young females [27] coincides with the increase in prevalence in reporting of orofacial muscle pain [l, 28) . These data suggest that patients with chronic orofacial muscle pain, although clinically noninfective, may have subclinical pathology occurring at cellular level resulting in reversible cell damage.
The data from this study indicate that CNS isolates producing a-and P-haemolysins were not significantly associated with patients with chronic muscle pain, but 8-or 'horse'-haemolysin producing strains, or both, were recovered from 89% of the chronic muscle pain patients and none of the control subjects. The in-vivo importance of d-haemolysin as a virulent factor affecting host membranes has always been controversial. 8-Haemolysin from CNS is a hexameric molecule of 25 amino acid residues with activities and a molecular homology to the 26 amino acid residues of 8-haemolysin from S. aureus [29, 301. The activities of 8-haemolysin correlate directly with their ability to permeabilise cell membranes resulting in channel formation consisting of a cluster of a-helical molecules [31] . The in-vivo role of 8-haemolysin as a virulence factor has been challenged, as serum lipoproteins and bactericidal lipids such as 2-monoglyerides and unsaturated fatty acids can neutralise 331. However, Long and Kapral [34] demonstrated the ability of CNS to produce fatty acid modifying enzymes (FAME) that inactivate both 2-monoglycerides and unsaturated fatty acids by esterifying the fatty acid moieties to cholesterol. Triglycerides with unsaturated fatty acid side-chains produced by the host were shown to be potent inhibitors of FAME [35] . Triglycerides in turn could be inactivated by bacterial lipase, a lipolytic exoenzyme, produced by CNS and other organisms [36] . This series of measures and countermeasures in host-parasite relationships supports the concept of host membrane permeabilisation by staphylococcal 8-haemolysin.
The wide spectrum of cytolytic activity of 8-haemolysin has been well reported. 8-Haemolysin is known to lyse both human and horse red cells [37] . The significant differences in the incidence of haemolytic activity shown in this study between human and horse red cells may confirm the broad but different cytolytic activity of 6-haemolysin. However, the results may also support the possibility of a different membrane-damaging toxin from CNS, 'horse'-haemolysin. Turner and Pickard [38] reported a haemolysin fkom S. aureus that lyses horse red cells and with activities distinct from a-, p-and 6-haemolysin. Not unlike 6-haemolysin, 'horse'-haemolysin could withstand heating to 80°C without loss of activity [38] -a feature used in this study to highlight the probable presence of this new toxin. Furthermore, activities of 'horse'-haemolysis from each staphylococcal species observed in this study was uniformly and consistently different with the corresponding activities of 6-haemolysin providing further support for the concept of a different toxin. In view of the significant association of membrane-damaging toxins from CNS and chronic orofacial muscle pain the identity and characteristics of this new 'horse'-haemolysin require urgent investigation.
The data from this study indicate that multiple carriage of CNS was associated with chronic orofacial muscle pain. The CNS isolates from 89% of the patients with chronic muscle pain produced significant 6-or 'horse'-haemolysins, or both, whereas those isolates from an ideal musculoskeletal symptom-free control group of subjects did not. It is proposed that CNS producing 6-or 'horse'-haemolysins, or both, are highly associated with the aetiology of chronic orofacial muscle pain.
